Major virion low-molecular-weight polypeptides were isolated from the Moloney strain of murine leukemia virus (type C) by agarose chromatography in 6 M guanidine hydrochloride and were shown to have molecular weights of 15,000 (p15), 12,000 (p12), and 10,000 (plO) by their elution volumes and by their relative mobilities in sodium dodecyl sulfate-polyacrylamide gels. Each polypeptide could be iodinated and employed in double antibody radioimmunoassay procedures. All three polypeptides demonstrated a high degree of type-specificity in serologic immunoprecipitation analysis and in corresponding competition immunoassays. The p15 was immunologically distinct from other viron polypeptides including p12 and plO; the p12 and plO were highly related to each other but not to other virion polypeptides and were even more type-specific than the p15 in serologic tests. Competition immunoassays with p15 and plO indicate that the Moloney strain of MuLV is only a distant relative of the Friend-Rauscher group. The combined use of the Kirsten and Moloney low-molecular-weight polypeptide immunoassays suggest that xenotropic viruses constitute yet another group(s) of murine leukemia virus with distinct type-specific antigens, further expanding an already heterogeneous group of mouse type C viruses.
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Type-specific identification of murine type C viral isolates can be accomplished at present by three independent approaches. Reciprocal nucleic acid hybridization experiments, neutralization of infectious virus, and low-molecularweight polypeptide immunoassays provide strong evidence of the marked heterogeneity within murine type C viruses (3, 4, 13, 14, 19, 23, 41) . Generally, murine type C viruses can be grouped into at least three major categories by these techniques. The first group consists of the most frequent, naturally occurring isolates found in mice, the N-tropic Gross-AKR group (12, 14) . A second group contains the commonly used laboratory strains of murine leukemia virus MuLV with a dual-tropic (N and B) host range and a unique neutralization pattern characterized by the Friend, Moloney, and Rauscher isolates, the FMR group (14, 23) . The third and most recent group to be defined are MuLV isolates with a xenotropic host range described by Levy (17) ; these have been isolated from a variety of inbred and feral strains and grow best in non-murine cells (1, 2, 40) .
Major determinants of immunologic type specificity are apparently localized on polypeptides of molecular weights from 10 to 15,000 in the murine type C viruses, although the gp7O also contains type-specific determinants (37) . Strand and August have recently reported that the Rauscher p15 contains predominantly typespecific antigenic determinants (38) and Tronick et al. (41) and Stephenson et al. have indicated in several papers that p12 contains type-specific sequences (33, 35, 36) . Recently, we demonstrated that p12 and plO polypeptides of the Kirsten strain of MuLV contained a marked degree of immunologic cross-reactivity. We confirmed the Kirsten plO and p12 immunologic reactivity (26) as type-specific and found both xenotropic and FMR isolates nonreactive in assays for Kirsten.
In the present work, low-molecular-weight polypeptides of the (6, 21) . It was subsequently demonstrated to have NB tropism and has been used in a variety of hybridization experiments reported from this laboratory (30, 31) . The Rauscher strain of MuLV (27) (39) . This strain of Kirsten MuLV (20) has been passaged only in mouse cells, distinguishing it from the Kirsten helper virus of the Kirsten sarcoma virus which has associated rat genetic information (31) . Xenotropic viruses, ATS 124 (40) , and S16cllO (2) were grown in human and rabbit cells, respectively. Routinely, virus preparations were grown in 10-to 20-liter lots and purified by two cycles of density gradient centrifugation in sucrose. Viruses were concentrated to between 5 and 20 mg of protein per ml by centrifugation at 104,000 x g in a Beckman L265 B for 60 min at 4 C. Antisera were prepared by repeated immunization of goats or rabbits with purified concentrated virus preparations in complete Freund adjuvant, and individual bleedings were pretested for maximal immunoreactivity before pooling. Similar sera from goats were also obtained from Roger Wilsnak through the Office of Program Resources and Logistics, National Cancer Institute.
Immunoassay. Purified polypeptides were isolated by guanidine hydrochloride chromatographic procedures as described previously (26) and were routinely iodinated using the chloramine T technique and precipitated using a double antibody radioimmunoassay technique as described (29) . Details of the specific activities and the particular assays are described in the legends to the figures.
Polypeptide purification. Gel filtration in 6 M guanidine hydrochloride was performed as described by Fish et al. (7) and as originally reported for type C viruses by Fleissner (8) using the modifications of Green and Bolognesi (10) . Guanidine hydrochloride was obtained from either Schwarz-Mann, New York, N.Y., or Heico, Inc., Delaware Gap, Pa. Sepharose 4B was obtained from Bio-Rad, Richmond, Calif., and columns were prepared as described (26) . Purified virus pellets containing 40 (32) . In 5%c gels the migration of low-molecular-weight standard polypeptides was not linear with respect to the log of the molecular weight. In 7.5 and 10% gels, relative mobility was linear with respect to the log of molecular weight from 12,000 to 70,000. Resolution of low-molecular-weight polypeptides in 10% gels was optimal and was routinely employed for low (10 to 30,000)-molecular-weight determinations. In summary, molecular weight determinations were linear as measured by polyacrylamide gel electrophoresis; elution from guanidine hydrochloride chromatographs was consistent, although not linear unless analyzed by other mathematical procedures similar to the observations of Fish et al. (7) . GuHCI column chromatography of two columns prepared with two lots of Sepharose 4B (Bio-Rad). Calibration with known molecular weight standards was measured as described by Fish et al. (7) with albumin (69,000), A; ovalbumin (43,000), *; aldolase (40,000), A; chymotrypsinogen (25,700), 0; myoglobin (17,000), 0; RNase (13,700), X; and cytochrome c (12,400), V. All operations were at 21 to 25 C. (B) 0.1% sodium dodecyl sulfate, pH 7.2, polyacrylamide gel electrophoresis in 10, 7.5, and 5% gels with same standard as in (A) except albumin and 9-cm cylindrical gels were prepared and run as described (29) with 6 mA per gel. When the dye marker migration reached the bottom of the gel, electrophoresis was halted and the gels were removed by rimming, stained for 30 min in Coomassie brilliant blue (Serva), and destained in 7% acetic acid and 5% methanol. Relative mobilities were determined from scans of stained gels at 500 nm in an Acta III spectrophometer (Beckman) measuring from the top of the gel to a wire inserted at the marker dye migration.
Amino acid analysis. Purified polypeptides were hydrolyzed in vacuo with constantly boiling HCl for 24 h and analyzed as described (24) . At least two determinations with different preparations of each polypeptide were performed.
Isolation of Moloney-MuLV low-molecular-weight polypeptides. Guanidine hydrochloride chromatography of disrupted Moloney MuLV yielded polypeptide elution patterns similar to those reported by Green et al. (11) and Nowinski et al. (22) for Friend and Rauscher virus, respectively. The major polypeptide was the p30 (gs) protein and three major low-molecular-weight polypeptides were consistently present. As shown in Fig. 2a -c, individual polypeptides with molecular weight weights of 15,000, 12,000, and 10,000, respectively, could be recovered by pooling appropriate fractions from the guanidine hydrochloride chromatogram. The elution pattern of these polypeptides from guanidine hydrochloride corresponded closely to their molecular weight determinations as measured in neutral sodium dodecyl sulfate-polyacrylamide gel electrophoresis in 10% gels. Thus, there is no evidence of anomalous behavior of these polypeptides with respect to their molecular weight determinations, as was noted by Fleissner (8) with the avian type C viruses and by Tung and Knight (42) for low-molecular-weight polypeptides of cucumber viruses 3 and 4. As is further shown in Fig. 2 , the individual polypeptides were relatively pure and when combined (Fig. 2d ) migrated as three distinct bands corresponding to three comparable bands in disrupted whole Moloney MuLV (Fig. 2e) .
Separation of antigenic reactivities by guanidine hydrochloride chromatography. As will be shown in subsequent section, the individual polypeptides shown in Fig. 2 detectable polypeptide in the same region (Fig.  4) .
Immune sera reactions with labeled lowmolecular-weight polypeptides. Although many sera were tested for their ability to precipitate murine low-molecular-weight polypeptides, only a few contained measurable antibody. Sera which precipitated the low-molecular-weight polypeptides had very high anti-p30 titers ( Table 1 by Strand et al. with the Rauscher p15 (38). Moloney p15 apparently has interspecies determinants evidenced by the positive reaction with the anti-FeLV sera. Also, the anti-AKR MuLV serum employed in earlier Kirsten studies also had anti-p15 reactivity consistent with the observed existence of p15 in the AKR and Gross viruses (Parks, unpublished observations).
The plO and p12 polypeptides of Moloney virus were relatively type specific, as evidenced by the poor heterologous precipitation with the Kirsten antisera, and reciprocally with the antiMoloney MuLV sera and the Kirsten p12/plO. Although there was cross-reaction within MuLV, there was no reaction noted with the most reactive anti-FeLV sera (1S-8), suggesting that minimal interspecies determinants were present on these immunologically related polypeptides. The relatively low titers precluded the development of an adequately sensitive heterologous assay for all MuLV type-specific p12/plO polypeptides as reported by Stephenson et al. (35) .
Amino acid analysis of low-molecularweight polypeptides. Isotopic incorporation data suggested a high content of basic amino acids for the low-molecular-weight polypeptides of MuLV (9) . Using the purified polypeptides described above and Kirsten polypeptides isolated previously, amino acid analysis was performed. As shown in Table 2 , the amino acids virus preparations were performed as described (25) . The 526I-labeled Moloney p15 (specific activity 3 to 15 ACi/,ug; -1.0 to 0.2 ng) was employed at -8,000 counts per assay with a 1:2400 (final) antiserum (goat anti-Moloney) dilution, which in the absence of competing antigen precipitated 46% of the counts. Cross-reaction between plO and p12 was similar to that which we noted previously with the Kirsten plO and p12 molecules and would not be explained by cross-contamination since the specific activities are comparable and the polypeptides can easily be distinguished in gels (Fig. 2b-c) . There was no significant reaction with Rauscher although the xenotropic virus reacted slightly and, in data not shown, Friend virus also reacted to a limited degree.
In the Moloney plO immunoassay (Fig. 5C ) with 1251-labeled Moloney plO and antiMoloney MuLV, a reciprocal reaction between plO and p12 was noted. Of interest is the fact that the plO reacted better in the plO assay and the p12 polypeptide reacted slightly better in the p12 assay, suggesting immunologic differences in these proteins. Although the p12 assay measured the antigens with approximately fivefold greater sensitivity, the overall results were similar. Moloney MuLV again completely displaced labeled antigen from antibody and p15 was not significantly measured in the plO immunoassay. Rauscher, Friend, and the xenotropic S16 clone 10 strain of MuLV reacted poorly or not at all. Thus, in competition radioimmunoassays with labeled isolated polypeptides, these molecules were shown to be highly type specific for (34) .
DISCUSSION
The presence of three low-molecular-weight polypeptides in the Moloney strain of MuLV is consistent with previous reports for the Rauscher and Friend viruses (11, 22) . These three viruses form the FMR subgroup that has been characterized by cytotoxic and neutralization assays (23) . It was of interest that, in a manner similar to that suggested by cross-protection and neutralization assays (4) (16) demonstrated the binding of natural antibody to AKR p15 suggesting an antibody-accessible position for p15 on the virion surface. Thus, the biological role of these polypeptides and their localization will also require further study.
The virion localization of low-molecularweight polypeptides is not clear at the present time. There is a suggestion that the p12/plO are core polypeptides (9, 15) ; Fleissner et al., on the basis of nuclide uptake studies, reported that the mammalian and avian type C plO was arginine-rich and might function as a histonelike polypeptide (9) . From the amino acid analysis reported herein and the acidic pI values for the Moloney and Rauscher plO polypeptides (Parks, unpublished data), it is unlikely that the low-molecular-weight plO and p12 polypeptides function in a similar manner in the mammalian type C viruses. Localization of the polypeptides on the surface where one might predict type-specific determinants would exist because of their measurement by neutralization has not yet been shown except for AKR p15 (16) . Even with the former, studies of viral surface iodination with lactoperoxidase only demonstrated incorporation into gp75 (43) . Thus it would appear that, if present, the gp42 and p15 tyrosines are not as accessible to lactoperoxidase as to antibody.
As reported with the Rauscher and the Friend viruses (11, 38, 41) , the low-molecular-weight polypeptides of Moloney contain type-specific determinants. As in the case of the Kirsten (26), the plO and p12 polypeptides show marked immunologic cross-reactivity. Both, however, are slightly more reactive in their respective homologous reactions. It is of interest that the murine p12 and plO have been reported to be virion phosphoproteins (24) and differences in phosphorylation might account for size alterations. We have attempted to detect evidence of VOL. 15, 1975 multiple polypeptides in the plO preparations which might account for the observed crossreactions or evidence of other polypeptides. Both by size and charge separation procedures, plO consists of only one major antigenic reactivity. The p15 is immunologically distinct from the plO and p12, but also it has type-specific determinants similar to the observation of Strand et al. (38) .
Whereas the glycoprotein polypeptide has been reported by Strand and August to contain type-specific determinants (37) , it also contains a significant degree of interspecies reactivities. In marked contrast to the p30, and to a lesser extent with gp7O, virion low-molecular-weight polypeptides are almost exclusively type specific, although the p15 can be shown to have a very low level of interspecies reactivity. The major usefulness of low-molecular-weight polypeptides will depend on the availability of sera which recognize determinants of a particular class of type, group, or interspecies reactivities. At present, three or four major groups can be discerned: the AKR-Gross group which includes the Kirsten strain of MuLV; the FriendRauscher group with or without Moloney; and the xenotropic viruses which form a separate group (33; unpublished data). It would appear that type-specific immunoassays will have to be developed for the xenotropic viruses and other individual murine viruses to construct a formal immunologically based classification of the murine type C viruses.
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